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The superconductor FeSeo.sTeo.s was studied with Point Contact spectroscopy and specific heat 
in poly crystalline samples. The transition temperature determined by magnetic measurement was 
Tc = 14.5 K. The size of the energy gap measured by junctions is A = 1.9 meV, whereas the 
gap determined by the specific heat measurements was A = 2.3 meV. The gap evolution with 
temperature follows BCS, the ratio 2A/KbTc has values between 2.88 < 2A/KbTc < 3.04. The 
compound was grown by solid state synthesis in quartz ampoules under vacuum at 950 C. Crystal 
structure was characterized by X-ray diffraction. The superconducting properties were characterized 
by magnetization, resistivity and specific heat. This superconductor shows an isotropic energy gap 
as observed with the fitting of the specific heat at low temperature. 
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I. INTRODUCTION 

The new superconducting materials FeSe is interesting 
because they may give guides to elucidate the supercon¬ 
ducting mechanism of other similar members with Fe and 
to others of the FeAs family. FeSe compound is one of 
the simplest Fe-Based superconductor with a transition 
temperature Tc ~ 8 K. It has crystalline structure type 
anti-PbO and space group P4/nmm [IHi- 

Compounds in these families have different transition 
temperatures, some with higher transition temperatures 
as the basic FeSe SIH3. Recently maw study have 
been performed on these compounds some with 

transition temperatures as high as Tc = AOK. 

In those compounds the magnetism of Fe may play a 
relevant role which still is not totally understood for the 
superconducting behavior. 

In this work we report a study of the superconductiv¬ 
ity in Fe-Se-Te performed in polycrystalline samples. The 
study was mainly directed to observe and analyze the be¬ 
havior of the energy gap and to determine the symmetry 
of the pairing wave function. In general for the determi¬ 
nation of the energy gap, two tools that are well appropri¬ 
ate; Point Contact Spectroscopy (PCS) and Tunnel junc¬ 
tions. We used in this study one of those spectroscopic 
techniques. The junctions were formed with the super¬ 
conducting compound with stoichiometry FeS'eo.sTco.s 
and a normal metal. The sample has a high transition 
temperature about Tc = 14.5 K, as determined by Mag¬ 
netic - Temperature measurements. Our studies show 
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the size of the energy gap, the ratio 2A/KbTc, and the 
evolution with temperature of the gap. In addition, spe¬ 
cific heat measurements indicated an isotropic energy gap 
with s symmetry, the superconducting gap follows the 
BCS theory. The junctions were characterizes with the 
BTK model 0- With this model we can describe the 
type of junctions; i.e. PCS or tunnel, using the dimen¬ 
sionless barrier strength parameter Z given by the the¬ 
ory. Depending of this parameter the junctions may be 
considered tunnel or as a metallic contact (PCS). 


II. EXPERIMENTAL DETAILS 
A. compound and junctions characteristics 

The superconducting samples were prepared by solid 
state reaction in evacuated quartz tubes with powder and 
purities; Fe 99.9%, Se 99.9%, and Te 99.99%. The nomi¬ 
nal proportion was 1.01:0.5:0.05, the powders were mixed 
pressed and sintered at 950°C for three days. Finally, 
annealed at 400 - 500°C in a period of one day. R-X 
diffraction patterns gave the crystalline structure as the 
reported by [1, fTll - [lA | . 

The study was performed with junctions that be¬ 
have as metallic point contacts PCS. The junctions 
were prepared with the superconductor and a thin wire 
of tungsten plated gold W(Au) which has a diameter 
of 5 /im, the stoichiometry of the superconductor was 
FeS'eo.sTco.s. For the fabrication of the PCS the wire 
was diagonally clipped as the procedure used in tips 
for use in scanning tunneling microscopy and carefully 
pressed into the superconducting sample. This cut al¬ 
lows to obtain very sharp tips with very small diameters 
about or less that 1 ^m . Oxford varnish was used to 
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FIG. 1: (Color online) Resistivity - Temperature character¬ 
istic of the superconducting compound FeSeo.bTeo.s- Main 
panel displays the temperature interval close to the transition 
temperature, Tc = 14.5 K. Inset shows the overall character¬ 
istics. 


glue the sample to a glass support. The estimated area 
of the junctions was 1 /rm^, as observed in an optical 
microscopy. The determined parameters with the BTK 
model gave values for the Z parameter from 3.4 to 6 [ 13 . 
This was one of the main considerations to determinate 
the type of junction. 

At the initial measurements several try outs were per¬ 
formed until reproducible data and stable characteristics 
were obtaining. Results presented in this work are the 
most reproducible for all the junctions. 

Many junctions, more that 25 of PCS’s were prepared. 
The characteristics displayed in figures 4,5, were the most 
reproducible. The characteristics were measured from 1.7 
to 25 K. Results show the size of the energy gap, the gap 
evolution with temperature, and ratio 2A/KbTc- The 
compound characteristics were determined by resistivity, 
p - T, specific heat, Cp — T, and magnetization, M — T, 
accordingly to transport and magnetic measurements the 
transition temperature was Tc = 14.5 K, as shown by 
other researchers i a El, El- 

The superconducting characteristics were determined 
in a Quantum Design MPMS system, the amount of su¬ 
perconducting phase was estimated by Zero Field Cool¬ 
ing (ZFC) and Field Cooling (FC) measurements with 10 
Oe. The proportion of superconducting material was ^ 
70%, compared with pure Pb with the same mass as the 
sample. Transport characteristic were determined in a 
Quantum Design PPMS system. Fig. 1 displays the resis¬ 
tivity versus temperature for the selected sample. Main 
panel shows the resistivity p — T close to the transition 
temperature and the inset presents the overall behavior 
to high temperature. In Fig. 2 we display the magnetic 
characteristics of the three different compositions. The 
sample with the composition FeS'eo.sTeo.s, was the used 



FIG. 2: (Color online) Magnetization measurements of three 
different compound with different stoichiometries. The com¬ 
pound FeSeo.sTeo.s, was selected for the study. This shown 
the maximum proportion of superconducting material. The 
panel displays the M — T measurements in the temperature 
interval close to the transition temperature in ZFG and FC 
modes in order to determinate the amount of superconducting 
material. The transition temperature was Tc = 14.5 K. 


for determination of the spectroscopic characteristics be¬ 
cause it has the maximum proportion of superconducting 
material. 

The isotropic characteristics of the energy gap were 
determined by thermal characterization measuring the 
specific heat capacity. The main panel in Fig. 3 dis¬ 
plays the observed characteristic close to the transition 
temperature. The specific heat measurements, Cp — T, 
were performed with a thermal relaxation method us¬ 
ing a Quantum Design PPMS apparatus. The Cp val¬ 
ues were corrected by subtracting the addenda of the 
sample support and grease used to glue the sample to 
the support. Thermal measurements show similar over¬ 
all characteristics as determined by Sales, and Awana. 
The Debye temperature was Qp = Til — IIAK Sill. 
At low temperature specific heat measurements may give 
indications related to the type of superconducting pair¬ 
ing Our observations at low temperature, show a 

decreasing that ht quite well to an exponential decay, as 
Cp = Co + Two different parameters for 

the fitting were used as shown in the main panel of Fig. 3, 
Co and A are parameters to adjust the background level 
of the specific heat curve at low temperature, whereas 
A = 2.3 meV. The important result is that the super¬ 
conducting compound is isotropic with a single gap and 
s — wave symmetry, the size of the energy gap is similar 
to as determined by the PCS, and the transition temper¬ 
ature, was about T = 13.3 ± 0.03 K. However, it is im- 
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FIG. 3: (Color online) Specific heat of the superconducting 
compound FeSeo.5Teo.5- Main panel displays the fitting of 
Cp experimental data to the function Gp = Co+Ae^~^^^^'^\ 
from 14 to 2 K (red line). According to the specific heat 
measurements the transition temperature is about Tc = 13.3 
±0.03 K. 


portant to mention that determination of the energy gap 
with specific heat measurements is not as precise as tun¬ 
neling or PCS measurements, nevertheless, specific heat 
may give clear information about features of multi-gap 
or single gap characteristics. 

For the point contact measurements the differential re¬ 
sistance dV/dl as a function of the bias voltage V for all 
junctions was measured with the standard techniques; 
AC Lock-in amplifier, and bridge [lOjlUl. A Quantum 
Design MPMS system was used as a cryostat. The junc¬ 
tions were measured in the temperatures range from 1.7 
to 25 K. PCSs were close to the ballistic regime according 
to the electronic parameters of the compound and to the 
values of the differential resistance (at zero bias voltage) 
and Z parameter. In figures 4 and 5 we show the overall 
characteristics of the PCS’s. Fig. 4 displays the gen¬ 
eral behavior of the differential conductance versus bias 
voltage at different temperatures measured from 1.7 to 
25 K. In this set of measurements the BTK model fits 
well to the experimental data at low temperatures from 
1.7 to about 7.5 K. With this result, it was possible to 
extract values for Z, which were Z = 3.42, and energy 
gap A = 1.9 meV. The Z parameter used in this study 
has the same meaning as the mentioned in the BTK the¬ 
ory; this, measure the barrier strength at the interface. 
As one example for the resulting fitting Fig. 5 shows 
the extracted parameters. In Fig. 6 we show the evo¬ 
lution of the gap with temperature plotted in terms of 
A — T. The experimental data was plotted only at low 
temperature region, data at higher temperatures was dif¬ 
ficult to fit as mentioned in description of Fig. 4. The 



FIG. 4: (Golor online) Differential conductance of a con¬ 
tact formed with a W(Au) wire tip and the compound 
FeSeo. 5 Teo. 5 . Figure shows the differential conductance at 
different temperatures in the region close to the features of 
the energy gap. All curves were displaced vertically by a small 
amount of the differential conductance for a better view of the 
general behavior. Values extracted with the BTK model give 
Z = 3.42, and A = 1.9 meV. The fitting Z were taken into 
the same context as to the BTK model. This was performed 
for data taken from 1.7 to 8.5 K as shown in figure with black 
pointed lines. The fitting is clearly seen in Fig. 5 plotted 
in one curve of the normalized differential conductance at a 
temperature of T = 1.7K. 



BIAS Voltage (mV) 


FIG. 5: (Golor online) Normalized differential conductance for 
the PCS data of Fig. 4. The figure displays data measured 
at T = 1.7 K (black lines). Parameters determined with the 
BTK model (dotted red line) give values for the energy gap, 
A = 1.9 meV, Z = 3.42, and ratio 2 A/A'_bTc, as 2.88 < 
2A/KbTc < 3.04. 
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FIG. 6: (Color online) Evolution of the energy gap with tem¬ 
perature obtained from curves of the differential conductance 
of the PCS’s data shown in Fig. 4 (red dots), fitted with 
BTK model. Black squares are the BCS theory. The fit was 
performed only in the low temperature range as explained in 
the main text. 

characterization of the work regime of the PCS’s was es¬ 
timated with the Wexler’s interpolation formula [l^; we 
substituted the mean free electronic path estimated as 
Z ~ 100 Ausing the Drude model and according to the 
resistivity measurements [2^, the resistivity p ~ 40 pfl- 
cm measured at 2 K and the resistance of the junction 
measured at zero bias voltage. The obtained radii val¬ 
ues, were between 320 A and 3700 A, which indicate that 
some contacts are in the diffuse regime, and others in the 
ballistic limit, only PCS’s in the ballistic regime, or close 
to it were used to determined the spectroscopic features 

[H®- 

No broadening parameter was used for the determina¬ 
tion of the spectroscopic characteristics as the one intro¬ 
duced by Dynes et.al., (^ . 

III. RESULTS, DISCUSSION AND 
CONCLUSIONS 

Junctions with different characteristics behaving as 
PCS were used to investigate the nature of the super¬ 
conducting state in a FeS'eo.sTeo.s compound. PCS and 
tunneling are tools well appropriated to study electronic 
processes occurring close to the Fermi surface, as the en¬ 


ergy gap and the evolution with temperature and ratio 
2A/KbTc- Our measurements with specific heat give us 
information about the pairing and symmetry state of the 
compound, and information about the characteristics of 
the order parameter. Our analyses indicate the charac¬ 
teristics of the pairing symmetry accordingly to the ex¬ 
perimental data this superconducting compound behaves 
as a full s — wave BCS superconductor. A single feature 
of the gap was observed in thermal measurements cor¬ 
roborated the shape of the decreasing of the specific heat 
below Tc- An exponential decay of the specific heat with 
temperature was observed. It shows a good fitting to an 
exponential rate of decreasing, indicative that a single 
gap exist. The decreasing of Cp — T below the transition 
is quite similar to the observations by Dong, et ah, M in 
FeScx- In our work the Cp —T curve can be well fitted 
to the exponential function without signs of a multi-gap 
system. 

It is important to mention that Li, et ah, reported 
the evidence of nodes in a compound with a similar sto¬ 
ichiometry as in this work. The observation of the gap 
features by Li, et ah, shown a wave pairing different from 
s — wave, that could be p, or d. However, the multigap 
feature determined by Li, et ah, was measured close to 
a vortex state and the information could be distorted 
the real features. Lastly, other important probes appro¬ 
priated to determine types of Cooper pairs was using 
ARPES. With this technique as observed by Miao, et ah, 
found that at the composition FeTe^.^^SeoAb, which is 
quite similar to our shown only an isotropic single energy 
gap [l^. 

Our conclusions of this work is that this superconduc¬ 
tor behaves as a s — wave symmetry with a clear evo¬ 
lution of the energy gap with temperature of the BCS 
type. The values for the size of the energy gap with the 
PCS junctions gave A = 1.9 meV, whereas with spe¬ 
cific heat measurements the energy gap determined was 
2A = 2.3 meV. Other important parameter of this com¬ 
pound is the ratio A/KpTc = 2.96 ± 0.05, accordingly, 
this superconducting material is in weak coupling limit. 
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